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ABSTRACT 

There is no evidence that lead constitutes a health problem to fish in the United 
States. But there is very little evidence on which to base any firm conclusion. Very few 
analytic data have been reported on concentrations of lead in fish in natural or experi¬ 
mental conditions. What data are available suggest that soluble lead is not present in 
natural waters of the United States in concentrations likely to be toxic to fish. There is 
no published evidence of any trend toward increased concentrations of soluble lead in 
natural waters. Much of the man-dispersed lead that is eventually washed into natural 
waters is probably precipitated owing to the presence of carbonates, hydroxides, and 
organic ligands in the water and settles to the bottom. There is no evidence that lead 
precipitated on the bottom of natural waterways is harmful to fish. 


Contamination of natural waters by ef¬ 
fluent from lead mines was recognized long 
ago in England. A report of the River 
Pollution Commission of 1874 (cited by 
Jones, 1964) described the disappearance of 
fish from streams fouled by effluent from 
lead mines and deaths of waterfowl, horses 
and cattle in the vicinity of the streams. 

Probably the first definitive experiments 
on lead poisoning in fish were carried out in 
England by Carpenter (1924, 1925, 1926). 
An explanation was sought for the con¬ 
tinued absence of fish in rivers passing 
through old mining areas. Minnows placed in 
a river in cages remained normal until heavy 
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rains occurred. The concentration of lead in 
the river suddenly increased from an im- 
measureable value to 0.3-0.4 mg/1 and the 
minnows died. It was reasoned that the rain 
dissolved surface lead deposits and carried 
them into the river. 

Acute Toxicity of Lead to Fish 

For purposes of this review, acute toxi¬ 
city will be defined as effects occurring 
within a few hours to 2 weeks following 
exposure to lead. These effects are best 
described by the “coagulation film anoxia” 
theory (Ellis, 1937; Westfall, 1945; Jones, 
1964). When fish are placed in solutions 
containing lethal amounts of lead, a film of 
coagulated mucus appears over the entire 
body and is particularly prominent over the 
gills. The insoluble material interferes with 
the respiratory function of the gills, resulting 
in acute respiratory distress and death by 
suffocation. This effect is not peculiar to 
lead; it can be produced by toxic concen¬ 
trations of other heavy metal ions including 
zinc, iron, copper, cadmium, mercury, 
manganese, cobalt, nickel, silver, gold, and 
aluminum (Carpenter, 1930; Ellis, 1937; 
Doudoroff and Katz, 1953; and Jones, 
1964). Although this effect has been demon- 
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strated for many species of fresh-water fish, 
I am unaware of a similar effect being 
demonstrated for salt-water fish. It may be 
that lead precipitates out in sea water before 
toxic concentrations are attained. Thomas 
(1915) could not poison killiefish with lead 
in sea water because the material precipi¬ 
tated out of solution; in fresh water 3 mg/1 
lead nitrate was fatal in 12 hr. 

Available evidence suggests that the prin¬ 
ciple biochemical lesion occurs externally to 
the body. Fish placed in a solution contain¬ 
ing insufficient lead to cause death formed a 
film of coagulated mucus over their bodies 
with concomitant respiratory distress (Car¬ 
penter, 1927). Recovery occurred when the 
film was shed. Analysis of the film for lead 
accounted for virtually all of the lead in the 
original solution. Although no lead could be 
found in the body of the fish, it should be 
pointed out that the exposure was of short 
duration and the method of lead analysis 
(Aub et al., 1926) was not as accurate or 
sensitive as methods in use today. 

Certain species of fish are considerably 
more susceptible to the toxic effects of lead 
than others. Carpenter (1927) observed that 
the action of lead on goldfish was the same 
as for trout, sticklebacks, and minnows, but 
the first-named was more resistant. Jones 
(1938) stated that goldfish appeared able to 

I tolerate indefinitely 1 mg lead/1 in soft tap 
water, in which 0.1-0.2 mg lead/1 proved 
fatal to sticklebacks. The amount and nature 
of the gill secretions may explain variations 
in species susceptibility to lead (Jones, 
1938). Goldfish produce a copious gill secre¬ 
tion. When exposed to 10 mg lead/1, goldfish 
produced so much precipitated mucus that 
the solution became milky, and sediment 
collected on the bottom of the vessel. Ellis 
(1937) suggested that if the concentration of 
a pollutant such as lead is low enough, or if 
the source is limited so it acts on the fish for 
only a short time, the secretion of additional 

I mucus might wash away the precipitated 
material before serious toxicity to the fish 
occurred. 

It is difficult to define what concentra¬ 
tion of lead is acutely toxic to fish; experi¬ 
mental results from different laboratories 
vary considerably. Variables such as the 
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dissolved oxygen concentration, pH of the 
solution, volume and number of exchanges 
of the experimental solution, and duration 
of exposure are not always controlled 
(Doudoroff and Katz, 1953). Water tempera¬ 
ture is an important factor. A 10-degree C. 
rise in temperature reduces the survival time 
by 50% (Carpenter, 1927). Probably one of 
the most important factors is the degree of 
water hardness. Lead is readily precipitated 
out of solution as the carbonate or hy¬ 
droxide so that hard water tends to decrease 
the effective concentration of lead. As water 
hardness increased from 14-53 mg/1 (express¬ 
ed as calcium carbonate) the concentration 
of lead in solution decreased from 8 to 1.6 
mg/1 (Jones, 1964). Another important 
point regarding the presence of calcium is 
that it appears to antagonize the toxic 
effects of lead (Jones, 1938). For example, 
in solutions containing 1 mg lead/1 (as lead 
nitrate) with 0, 5, 10, 20, and 50 mg 
calcium/1 (as calcium nitrate or chloride), 
survival times averaged, respectively, 1,3, 6, 
7, and 10.5 days. In this experiment, precipi¬ 
tation of lead could not account for the 
decreasing toxicity with increasing concen¬ 
trations of calcium. It was concluded that 
calcium somehow prevents the coagulation 
of mucus by lead. A similar protective effect 
of calcium was shown for other metals. 

Carpenter (1925, 1927) and Jones (1938) 
have reported some of the lowest demon¬ 
strable concentrations of lead (0.1-0.4 mg/1) 
toxic to fish. These authors used either 
distilled or soft tap water in their studies, 
which would be expected to provide optimal 
conditions for the toxic effects of lead. 
However, it has been suggested that other 
species of fish probably are more sensitive to 
lead than those studied by Carpenter and 
Jones (Doudoroff and Katz, 1953) and, 
therefore, concentrations of 0.1 mg lead/1 
may not represent minimal concentrations 
of lead toxic to sensitive fish under con¬ 
ditions most conducive to poisoning. 

Chronic Toxicity of Lead to Fish 

Few studies are available concerning the 
chronic toxicity of lead to fish. Anemia has 
been reported to occur in catfish exposed to 
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solutions of 50 mg lead/1 for periods of 
16-183 days (Dawson, 1935). Somewhat 
similar findings were reported to occur with 
guppies exposed to 1.24 and 3.12 mg lead/1 
(total water hardness 80 mg/1) for periods up 
to 129 days (Crandall and Goodnight, 
1963). In addition to blood changes, histolo¬ 
gic studies revealed renal changes consisting 
of a lack of lymphoid tissue and expanded 
tubular lumens, a lack of mesenteric fat, 
cellular elements in the myocardium sugges¬ 
tive of degenerative changes and retarded 
gonadal development. There was no demon¬ 
strable consistent alteration of the respira¬ 
tory epithelium nor evidence of an accumu¬ 
lation of coagulated mucus, but the possibili¬ 
ty of some damage to the respiratory system 
was suggested by the frequent finding of 
granular debris in the branchial blood ves¬ 
sels. The histopathology as well as growth 
inhibition and retardation of sexual maturity 
suggested to the authors that the secondary 
effects of inanition and/or stress were the 
most prominent features of chronic lead 
intoxication in fish. Growth inhibition also 
was observed in salt-water plaice when ex¬ 
posed to solutions of 4 mg lead/1 (Dilling et 
al., 1926). 

I am unaware of studies with fresh-water 
fish where simultaneous concentrations of 
lead have been measured in fish and water. 
Such information would be essential for 
evaluating the ability of fish to concentrate 
lead from the surrounding medium. Kehoe 
et al., (1937) and Harley (1970) have report¬ 
ed concentrations of 0.24 and 0.16 jug/g 
occuring in fresh-water fish. Wetterberg 
(1966) reported concentrations as high as 12 
jug/g in liver, 5.7 jug/g in gills, and lAjag/g in 
muscle of fish taken from a lake located near 
a rich lead mine in Sweden. No report was 
made of analysis of the lake water for lead. 

The permissible concentration for soluble 
lead in drinking water has been set at 0.05 
mg/1 by the U.S. Public Health Service 
(1962). Analyses of over 1500 samples from 
natural water sources near water-treatment 
plants over a 5-year period throughout the 
United States revealed measurable quantities 
of soluble lead in less than 20% of the 
samples analyzed. A total of 27 samples 
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were over the acceptable limit (Kopp and 
Kroner, 1970). The highest value recorded 
was 0.14 mg/1. The authors pointed out that 
the total concentration of lead in a body of 
water would be higher than soluble lead 
because the presence of carbonate and 
hydroxyl ions and certain organic ligands 
tends to effect precipitation of lead as 
insoluble lead salts. This was borne out in a 
study measuring the concentration of lead in 
particles larger and smaller than 0.45 mi¬ 
crons at various depths in Lake Hamilton, 
Arkansas (Nix and Goodwin, 1970). The 
concentration of particulate lead increased 
with increasing depth. At 26 m the concen¬ 
trations of lead were 0.004 and 0.014 mg/1, 
respectively, in particle sizes less than and 
greater than 0.45 microns. 

There isn’t enough information available 
to state with any degree of certainty 
whether or not the occurrence of lead in 
natural waters of the United States consti¬ 
tutes a serious threat to fish or to humans 
eating the fish. I have been unable to find 
any reports of fish kills due to lead polluting 
natural waters in the United States. In 
addition to areas close to water treatment 
plants, it would appear highly desirable to 
analyze both water and fish for lead down¬ 
stream from industrial operations likely to 
emit lead. An evaluation of lead concen¬ 
trations in the water and fish of lakes used 
heavily by motorboats also would be desir¬ 
able. This should be compared with lakes 
not used by motorboats. The amount of lead 
emitted into the water from an outboard 
motor burning leaded gasoline (0.7 lead/1) 
appeared to be related to the size of the 
motor burning leaded gasoline (0.7 g lead/1) 
appeared to be related to the size of the 
motor and the speed of operation (English et 
al., 1963). A 10-hp engine operated at 
1/2-3/4 throttle was shown to emit 0.229 g 
lead/1 of gasoline consumed into the water, 
whereas a 5.6-hp engine operated at full 
throttle emitted 0.121 g lead/1 of gasoline 
consumed into the water. 

Marine Organisms 

There is no question that certain marine 
organisms can concentrate lead present in 
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sea water. The normal concentration of lead 
in sea water is stated to be in the order of 30 
jug/1 (Water Quality Criteria, 1968). Al¬ 
though concentrations of lead reported to 
occur in seafood are relatively low, they do 
indicate considerable concentration from the 
surrounding medium. For example, 
Schroeder et al., (1961) report a range of 
0.17-2.5 jug/g in seafood, with an average of 
0.5 Jug/g. Only 1 sample exceeded 0.87 jug/g. 
Harley (1970) reported a concentration of 
0.31 jug/g in shellfish. Pringle et al., (1968) 
report average wet weight concentrations of 
0.47, 0.70, and 0.52 jug/g occurring in 
eastern oysters, soft shell clams and northern 
quahaugs, respectively. The remarkable abili¬ 
ty of the eastern oyster to concentrate lead 
was demonstrated by experimentally expos¬ 
ing the oysters to flowing sea water contain¬ 
ing concentrations of 0.025, 0.05, 0.1, and 
0.2 mg lead/1. After 49 days the total 
accumulations of lead in the oysters amount¬ 
ed to 17, 35, 75, and 200Aig/g wet weight. 
Oysters exposed to the 2 lower experimental 
concentrations of lead appeared normal. 
Oysters exposed to the 2 higher (0.1 and 0.2 
mg lead/1) experimental lead concentrations, 
however, showed considerable atrophy and 
diffusion of the gonadal tissue, edema, and 
the hepatopancreas and mantle edge became 
less distinct. In view of the insolubility of 
lead in sea water under usual conditions, it 
would be of immense interest to know if 
conditions could arise enabling high concen¬ 
trations of lead to exist in sea water in a 
chemical form that could be absorbed by 
marine organisms to the extent shown in this 
experimental study. 
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ABSTRACT 

Motor vehicles account for 38.9% of the total mass of man-made air pollutants in the 
U.S., according to a recently published HEW inventory. However, when relative 
harmfulness of individual pollutants is considered, the motor vehicle contribution is 
reduced to about 12%. Current model motor vehicles emit approximately 83% less 
hydrocarbons and 70% less carbon monoxide than precontrolled vehicles. By 1976, 
vehicles are expected to reduce HC emissions by 98%, CO by 97%, and oxides of 
nitrogen by 90%. 

The California Air Resources Board has shown that motor vehicle emissions of HC 
and CO in the South Coast Basin have been reduced by 18% and 13%, respectively, from 
peak values which occurred during the mid-1960’s. NO x emissions continued to increase 
until 1971, but are now declining. Total nationwide emissions from motor vehicles are 
also declining, in spite of an increasing car population. 

Automotive power plants for the balance of this decade will be highly refined 
derivatives of today’s internal combustion engines. Exhaust gas recirculation, thermal 
reactors, and catalytic converter systems are being developed to meet future require¬ 
ments, although both customer acceptance factors and emission control are not fully 
acceptable at this time. Lead-free fuel will be required to insure satisfactory component 
life, to minimize harmful effects of combustion chamber deposits, and to significantly 
reduce the emission of particulate matter. Major variations of the reciprocating internal 
combustion engine, gas turbines, Rankine cycle engines, and electric propulsion systems 
are also being actively developed to meet future needs for virtually emission-free 
vehicles. 
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